Background aims. Rotenone is a widely used insecticide has a neurodegenerative effect on the dopaminergic cells of substantia nigra (SN) of midbrain producing Parkinsonism. The aim of this study is to study the effects of rotenone when injected subcutaneously on the dopaminergic cells of the substantia nigra of the midbrain. Methods. The effects of rotenone on the SN of midbrain and the were determined histopathologically, immunohistochemically, and by transmission electron microscopy. Results. Subcutaneous rotenone produced Parkinsonism through producing degeneration of the dopaminergic cells of SN of the midbrain. Conclusion. These results indicate that, rotenone has a neurodegenerative effect on the dopaminergic cells of the substantia nigra of the midbrain producing parkinsonism.
Introduction
Rotenone is an effective natural broad spectrum pesticide and insecticide [1] that is extracted from the roots of certain tropical and subtropical legume plants and widely used all over the world since decades. Its use in agriculture can cause serious pollution of streams and reservoirs since it can easily reach the soil with heavy rains [2] . The degradation can sometimes persist for months according to a variety of factors including light, temperature, depth in the soil, dose and the presence of organic debris, for example decomposition occurs faster as the temperature of the water is higher [3].
It is often formulated as dusts, powders and sprays for use in gardens and on food crops Rotenone produces its cytotoxic effects by interfering with the electron transport chain in mitochondria. This interferes with NADH during the creation of usable cellular energy (ATP) leading to oxidative stress and the cellular oxygen is reduced to produce a reactive oxygen species which destroy the cellular DNA and mitochondria [3]. It can easily affects the central nervous system and other body systems because it is highly lipophilic, so, it crosses the blood brain barrier and cellular membrane easily affecting the nervous system [6].
Rotenone is a potential cause of Parkinsonism because the long-term exposure to rotenone causes cellular changes in the form of injury to central dopaminergic neurons, degeneration and apoptosis of substantia nigra dopaminergic neurons and the 
Evaluation of motor function and balance
To assess the balance and motor coordination, each rat was placed on a horizontal rotating rod (10 cm long and 4 cm in diameter). The rod rotation speed was 20 rpm. Each rat was left on the rotating rod and the time spent from putting the animal on the shaft of the rota-rod, till it falls to the ground (Latency) was recorded. 
Results

Histopathological examination: A) Results of hematoxylin and eosin and Masson-Fontana stained sections:
In the control group, the SN of midbrain appeared normal with the presence of the characteristic densely packed dopaminergic cells (Figure 1 a) , while in the group exposed to rotenone, there was marked reduction in the number of dopaminergic cells in the SN with numerous vacuoles (Figure 1 b) . 
B) Results of Masson-Fontana stained sections:
In the control group, the SN of midbrain appeared normal with the presence of the characteristic densely packed dopaminergic cells (Figure 2 a) , while in the group exposed to rotenone, there was marked reduction in the number of dopaminergic cells in the SN with numerous vacuoles (Figure 2 
C) Results of tyrosin hydroxylase (TH) immunohistochemistry:
In the control group, the SN showed normal appearance with large number of TH positive dopaminergic cells identified by their dark brown color (Figure 3 a) . In group treated with rotenone, there was obvious reduction in the number of the dopaminergic cells in the SN (Figure 3 b) . 
Motor evaluation (Rota rod test)
The motor balance and motor coordination were evaluated by rota-rod test in which each rat was placed on a horizontal rotating rod and the latency (Time in seconds spent from putting the animal on the rotating rod till it falls to the ground) was recorded. The results indicated highly significant drop of the rota-rod test in group B (The rotenone group) compared to group A (The control group) indicating motor disturbances of Parkinsonism induced by rotenone. In group C (The OSCs-treated group) there was a marked motor improvement when compared to group B indicating the ability of OSCs to reach the substantia nigra of midbrain to replace the dopaminergic cells damaged by rotenone as shown in In agreement with our study, Schuler and Casida, (2001) [34] detected that rotenone administration leads to the appearance of motor and none motor parkinsonian manifestations as it inhibits the activity of NADHubiquinone reductase leading to the formation of reactive species, such as superoxide anions, and the formation of these reactive species affects the dopaminergic cells of SNpc seriously because of the high levels of metabolism in substantia nigra, the high prevalence of glial cells, and particularly the low levels of antioxidant defenses in this region. As a conclusion of the current study, rotenone that is a widely used insecticide and pesticide has a neurodegenerative effect on the dopamine producing cells of the substantia nigra of the midbrain leading to Parkinsonism. 
